This study was aimed at investigating and comparing the
Introduction
South Africa's major water sources are stored in dams and water abstraction schemes, which allow for the adequate and effective functioning of industry (e.g. power generation, food production, etc.), agriculture and domestic uses. Drought spells and point-and non-point source pollution has however, threatened the water availability, one of the country's most fundamental and indispensable national resources (Thukela Water Project Report, 2004) .
Microbial agents, associated with waterborne outbreaks, include the bacterial organisms Salmonella, Campylobacter and Escherichia coli (E. coli) amongst others (Gerba, 1996) , as well as viruses, protozoa, helminths and fungi. These microorganisms may lead to significant health risks in humans, especially infants, the elderly and immunocompromised. In severe infections, waterborne diseases may result in chronic illness and even death (Theron and Cloete, 2002) . Muller et al. (2001) investigated the occurrence of E. coli O157:H7 in selected river water samples in South Africa. The 204 samples screened were selected from 15 different sites where water was used for direct and indirect human consumption and domestic use. Even though none of the tested samples contained E. coli O157:H7, certain strains did however exhibit enterohaemorrhagic E. coli virulence properties, such as Shiga toxin 1 and 2 and enterohaemolysin, which could cause chronic health problems if ingested. In 2006 a cholera outbreak led to 1 298 deaths in Angola with tens of thousands of people infected. A survey showed that contaminated drinking water, poor sanitation and dense urban living were regarded as the main cause of the outbreak, which began in Luanda. Communities in this rapidly growing capital live in desecrated, garbage-filled slums with no reliable sources of clean water (Timberg, 2006) . During November 2008, 6 072 cases of cholera infections and 294 subsequent deaths were reported in nine provinces of Zimbabwe. In the South African province of Limpopo during the same time period, 187 cholera cases were treated and 3 deaths (1 South African and 2 Zimbabweans) were reported. Cholera cases have also been reported in Zambia and Mozambique where people travelled through the Beitbridge area in Zimbabwe (Department of Health, 2008 ). An inadequate supply of clean drinking water and poor levels of hygiene have been implicated as the reasons for these outbreaks. According to the World Health Organisation (WHO), 16 141 suspected cholera infections, with 775 reported deaths, have been documented in Zimbabwe since December 2008, with a fatality rate estimated at 4.8%. Serious challenges also exist with controlling the current state of the outbreak as 460 cholera cases and 9 deaths have been reported in South Africa, mostly in the areas bordering Zimbabwe (WHO, 2008) .
The Plankenburg River is approximately 10 km long and services various activities in the residential, industrial and agricultural sectors. The river system runs through the town of Stellenbosch (Western Cape Province), which is well known for its many wine estates. Adjacent to the town is the informal housing scheme of Kayamandi, which comprises a population of more than 22 000 people. As documented by the Department of Water Affairs and Forestry (DWAF) (2001), 20% of Kayamandi's inhabitants live in brick houses with in-house water connections and flush toilets, while the remaining 80% occupy backyard shacks and informal dwellings. The river also serves as a source of irrigation to farmers in the agricultural areas both up-and downstream from the settlement. In addition, the river flows through Stellenbosch's industrial area, which includes amongst others a clothing factory, a well-known cheese factory, spray painting and mechanical workshops. Further downstream the river courses through an area of wineries and yoghurt and dairy producing plants (Barnes, 2003) .
The Diep River catchment which is approximately 65 km in length is located in the South Western Cape Region and is bordered by industrial and residential areas. The estuary is about 900 ha in area and consists of the Milnerton Lagoon and the Rietvlei Nature Reserve and Boating Club (Lochner et al., 1994) . The Diep River-Rietvlei system has silted up significantly over the past few years which has resulted in extensive erosion (Grindley and Dudley, 1988) and can therefore be regarded as a storage area for sediment-rich water during floods. The sedimentation rate is enhanced by vegetation in the vlei, especially where treated sewage water is being released. The river is bordered by various industrial establishments ranging from spray painting to chemical manufacturers as well as a wastewater treatment plant and an oil refinery, which could all have a significant impact on the water source and the surrounding environment.
The aim of this study was to investigate and compare the microbial contamination at various sites along the Plankenbrug and Diep Rivers in the Western Cape, South Africa. The level of faecal contamination in the river water samples was determined by the most probable number (MPN) technique, while the conventional plate count technique was used to determine heterotrophic counts (HPC). Flow cytometric analysis was used to obtain total cell counts (the culturable and non-culturable populations) in the collected water samples.
Materials and methods

Sampling sites
Three sampling sites were identified along the Plankenburg River (Stellenbosch) location: Site A (Agricultural Farming and Residential Areas); Site B (Informal Settlement of Kayamandi) and Site C (Substation in Industrial Area) (Fig. 1) (Fig. 2) . Sampling of these sites started in March 2005 and continued for a period of 9 months until November 2005 (a new site had to be selected after the initial Site C dried up).
Sampling for microbial contamination
The temperature and pH of the river water (Table 1) at the sampling locations were measured using a hand-held mercury thermometer and portable pH meter (Hanna Instruments). For microbial analysis water samples were collected in 1 ℓ sterile Nalgene-polypropylene bottles and stored on ice to maintain a low temperature.
Most probable number (MPN)
The MPN technique was modified by Barnes (2003) and involved the inoculation of sample water into lauryl tryptose tubes containing Durham tubes, followed by incubation for 48 hours at 37ºC (indicating all gas-producing organisms). This differentiates between faecal coliforms ((FC) identifies all indicator organisms) and E. coli organisms within water samples (Oblinger and Koburger, 1975) . Both these groups fall into the category of gas-producing micro-organisms (total MPN). All tubes indicating gas formation were regarded as a positive presumptive test and the presumptive coliform count was read off De Mans tables (American Public Health Association, 1992; 1995) . The positive tubes were re-inoculated into brilliant green bile broth and tryptone water tubes respectively, accord- SABS, 1984) . These guidelines also incorporate the standard methods set out by Standard Methods (1992; 1995) . Positive tubes were incubated in a 44.5ºC water-bath for 24 h (44.5ºC promotes growth of faecal coliforms (Massa et al., 1988) ). Gas production in the brilliant green tubes (indicating faecal coliforms (FC)) was compared to growth in the tryptone water tubes (indicating E. coli). The presence of E. coli was confirmed with a colour change from clear to pink or red after the addition of Ehrlich's reagent into the tryptone water tubes.
SITE B
Heterotrophic plate counts (HPC)
Total heterotrophic counts were done in triplicate on nutrient agar plates (NA) (Merck, Biolab Diagnostics) after serial dilutions (10 -1 to 10 -7 ) of water samples were performed. Plates were incubated for 3 to 4 d at 37ºC (pathogens infecting humans grow at this optimum temperature). Thereafter, the number of visible cells (colony-forming units (CFU)) were counted and recorded.
Flow cytometry (FCM)
For the flow cytometry-based assay, individual samples were subjected to a Becton Dickinson FACSCalibur flow cytometer for analysis as outlined in Paulse et al. (2007) . The Becton Dickinson FACSCalibur flow cytometer has a 15 mW, 488 nm argon-ion laser. A doublet discrimination module, which uses pulse width and area to eliminate cell clumping (doublets and triplets), in conjunction with a LIVE/DEAD™ bacterial stain, allows for the differentiation between bacterial cells and debris. Flow cytometry therefore, employs the principles of light scattering, light excitation and emission of fluorochrome molecules to generate data from particles or cells in the size range of 0.5 µm to 40 µm in diameter (Current Protocols in Cytometry, 2005) . The addition of fluorescent beads enables the calculation of absolute or total cell counts in samples. The absolute number (cells/µℓ) of positive cells in a sample can be determined by comparing cellular events to the bead events measured by the flow cytometer. For this study, the bacterial population was identified and gated on a forward scatter (FSC) vs. a side scatter (SSC) dotplot and a SSC vs. fluorescence channel 2 (FL-2) at 585/42 nm dotplot. The bead count was identified and gated on a SSC vs. fluorescence channel (FL-1) dotplot. All parameters were measured using a logarithmic amplification scale. A threshold of 52 FSC channels was set to remove sample debris. Only bacterial cells satisfying both gates were collected for subsequent analysis. Depending on the amount of debris present, certain samples were filtered through a 0.45 µm filter before analysis. The staining procedure was performed by combining equal volumes of PI (propidium iodide) (4 µℓ) and SYTO 9 (4 µℓ) in BacLight™, dissolved in 1 mℓ sterile distilled H 2 O. The stained samples (1 mℓ sample stained with 200 µℓ BacLight™) were kept in the dark for 15 minutes, after which 50 µℓ liquid counting beads (BD™ Cell Viability Kit, BD™ Liquid Counting Beads) were added. The samples were then subjected to the flow cytometer for analysis and the concentrations of total cell populations were determined (Eq. (1)). In order to avoid excessive compensation of fluorescence overlap, SYTO 9 green emittance fluorescence was measured in fluorescence channel 1 (FL-1) at 530/30 nm and the PI was measured in fluorescence channel 3 (FL-3) at 670/LP nm. As previously mentioned, the addition of beads allows for the calculation of total cell counts (i.e. viable plus dead cells) in samples. After optimisation, each water sample was subjected to the flow cytometer until a total of 250 counting bead events were detected. An E. coli laboratory strain was used as control or reference population to which unknown bacterial populations in planktonic samples could be compared during quantitative analyses (i.e. total cell count). 
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Bacterial populations are reflected in a specified gating area on a flow cytometric scattergram or dotplot.
Eq. 1:
NOTE: (Bead concentration recorded at 988/µℓ for BD Liquid Counting Beads and at 49827 beads per Trucount™ tube, both obtained from BD™)
Statistical analysis
Repeated measures ANOVA (RMA) was performed on all data obtained as outlined in Dunn and Clark (1987) , using Statistica TM . In each RMA, the residuals were analysed to determine whether they were normally distributed. In all hypothesis tests, a significant level of 5% was used as standards.
Results and discussion
Temperature and pH were monitored at all sites along the Plankenburg and Diep Rivers and are presented in Tables 1  and 2 , respectively. However, the results for microbial parameters investigated fluctuated throughout the sampling period and no distinct correlation between water temperature, pH and differences in microbial numbers could be drawn. It should also be noted that the MPN, FC, E. coli and HPC counts were calculated per 100 mℓ, while total, viable and dead FCM counts were calculated per 1 mℓ.
Plankenburg River
Most probable number (MPN), heterotrophic plate count (HPC) and flow cytometric analysis (FCM)
The results obtained for MPN, FC, E. coli and HPC at Site A along the Plankenburg River are represented in Fig. 3 , while the total FCM, as well as viable and dead FCM counts are represented in Fig. 4 . The MPN, FC, E. coli and HPC results recorded at Site B are represented in Fig. 5 and the total FCM, viable and dead FCM are illustrated in Fig. 6 . Results obtained for Site C along the Plankenburg River included total MPN, FC, E. coli and HPC counts represented in Fig. 7 and total, viable and dead FCM counts are represented in Fig. 8 .
The rivers investigated serve multi-purpose functions and it is important to note that the South African Bureau of Standards (SABS, 1984) (river water) and Department of Water Affairs and Forestry (DWAF, 1996a-c) (i.e. for domestic, recreational and agricultural purposes) have stipulated guidelines for faecal coliform counts to safeguard these natural water sources. The maximum acceptable levels of E. coli in natural water sources, such as rivers, have been stipulated in the SABS Guidelines (1984) and DWAF (1996a) as > 2 000 micro-organisms/100 mℓ and > 130 micro-organisms/100 mℓ, respectively as counts above these levels may lead to waterborne infections. According to DWAF, where river water is used for recreational purposes, the FC counts should not exceed 2 000 microorganisms/100 mℓ (DWAF, 1996a), while an E. coli count of > 130 micro-organisms/100 mℓ, could lead to serious disease infections.
Most of the results for the MPN and FC counts obtained from the Plankenburg River, on average exceeded the acceptable limit (SABS, 1984; DWAF, 1996a) . During the sampling period at various sites along the Plankenburg River, no E. coli were detected. The highest total MPN counts observed at Site A along the Plankenburg River (Fig. 3 ) were 1.1 x 10 5 and 9.2 x 10 4 micro-organisms/100 mℓ recorded in Weeks 23 and 44, respectively. The highest FC and E. coli counts recorded at this site were 5.4 x 10 3 (Week 18) and 9.2 x 10 3 micro-organisms/100 mℓ (Week 44), respectively. Total culturable microbial counts (HPC) obtained at Site A are also depicted in Fig. 3 with the highest HPC recorded at 7.9 x 10 6 micro-organisms/100 mℓ in Week 44. The total FCM counts recorded at Site A ranged from 5.3 x 10 6 micro-organisms/mℓ (Week 23) to 8.5 x 10 7 micro-organism/mℓ (Week 5). A high FCM count was also observed in week 1 where 8.4 x 10 7 microorganisms/mℓ were recorded.
Compared to the high HPC recorded at Site A in Week 44, a viable FCM count (Fig. 4) , 1 x 10 7 and 3 x 10 4 micro-organisms/100 mℓ. As previously mentioned, the HPC results were calculated per 100 mℓ, while the viable FCM counts were calculated per mℓ. The HPC were thus significantly (p < 0.05) lower than the viable FCM count throughout the sampling period. The FCM technique distinguishes between ratios of live (viable), damaged (permeabilised) and dead (non-viable) cells, in conjunction with the LIVE/DEAD BacLight™ probe (Kell et al., 1998; Boulos et al., 1999 
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In a previous study conducted by Paulse et al. (2007) , increased microbial counts were obtained from materials to which biofilm communities were attached (results not shown). Research has also shown that pathogens survive longer in water and soil where organic matter, which provides attachment substrates and nutrients to micro-organisms, is readily available (Perri and Fallon, 1998; Fischer et al., 2003) . Compared to the MPN, FC and E. coli counts obtained at Site A, a considerably higher influx of faecal contaminants could be observed at Site B (Fig. 5) along the Plankenburg River. The highest MPN counts recorded at this site were 4.6 x 10 6 (Week 1), 9.2 x 10 6 (Week 14), 3.5 x 10 6 (week 39) and 3.5 x 10 6 micro-organisms/100 mℓ (Week 44). In addition, the highest FC and E. coli counts were 1.7 x 10 6 (Week 14) and 3.5 x 10 6 (Week 39) micro-organisms/100 mℓ, respectively. The highest HPC results were also recorded in weeks 14 and 39 where counts of 2.2 x 10 6 and 3.4 x 10 6 micro-organisms/100 mℓ were observed. The total FCM counts (Fig. 6 ) at this site were also higher for most of the sampling period with exceptions in Weeks 5, 32, 35 and 54. High FCM counts of 2.1 x 10 8 (Weeks 1 and 39) and 1.5 x 10 8 (Weeks 14 and 48) micro-organisms/mℓ were observed at this site. Results clearly show that increased activity from total gas-producing micro-organisms (total MPN) had a significant (p < 0.05) effect on the total FCM count recorded during the sampling period at Site B as shown in weeks 1, 14 and 39 (not week 48 where a decreased total MPN was observed). The temperature and pH recorded at this site in Weeks 1, 14 and 39 were 15°C (pH = 7.0), 11°C (pH = 7.1) and 
Figure 6 Enumeration of total, viable and dead bacterial cells within river water sample at Site B (Plankenburg River) by means of flow cytometric analysis over the sampling period.
By comparing the total MPN to the total FCM counts in the current study, results clearly show that the MPN, which represents the total gas-producing micro-organisms, did not have any significant influence on the total FCM count recorded at Site A. The peaks indicating the high total FCM counts in Fig. 4 do not correspond to the high MPN count observed in Weeks 1 and 5, respectively. The results clearly show that bacterial pollutants other than the possible gas-producing micro-organisms (total MPN) could be responsible for the increased total FCM count. As mentioned, Site A is bordered by agricultural farming and residential areas from which waste effluent flows into the river system, thereby contributing to possible contamination. Even though faecal contamination at this site does not contribute to increased health concerns, the faecal pollution observed at this site could be ascribed to the fact that this site serves as a cross-over point (humans and animals) between the residential area and one of the major roads leading into the town of Stellenbosch. A study conducted by Paulse and co-workers indicated that bacterial species such as Bacillus spp., Comamonas spp., Brevundimonas spp., and various members of the Enterobacteriaceae were present at this site (unpublished). Bacterial species such as Klebsiella oxytoca, Alcaligenes faecalis, Aeromonas sp., Lysobacter taiwanensis, Thermomonas fusca and Acinetobacter sp., indicator organisms of faecal contamination, were also identified at this site. Waste materials such as rubber and wooden products, glass and plastic, foam as well as paper, impede water flow at this site, allowing for possible microbial growth and biofilm formation. 
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25°C (pH = 6.5), respectively (Table 1) . Even though an amplified microbial activity was recorded in Week 39, where the highest water temperature of 25°C was measured, the microbial counts fluctuated with changes in water temperature and pH values throughout the sampling period. High viable FCM counts (Fig. 6 ) of 1.1 x 10 8 and 7.9 x 10 7 micro-organisms/mℓ were obtained with flow cytometric analysis and the HPC results obtained for the same samples were considerably lower (2.2 x 10 4 and 3.4 x 10 4 micro-organisms/ mℓ, respectively).
It is evident from the results obtained that most of the general microbial activity was observed at Site B where the highest MPN, FC, E. coli and FCM counts were recorded. This site is situated in close proximity to the informal settlement of Kayamandi where the sanitation systems are inadequate to satisfy the needs of the inhabitants. The surrounding environment, stormwater drainage systems and waste containers are used as a means of disposal of faecal matter. The high MPN, FC and E. coli counts could thus be indicative of the possible impact of increased faecal activity on a river system (DWAF, 2001 ). It has also been noted during the study period that faecal waste from surrounding public sanitary facilities is flushed into the river at this site, increasing faecal matter and thus possible faecal coliform growth.
A study conducted by Paulse et al. (2007) also revealed MPN, FC and E. coli counts exceeding the maximum allowable limit for gas-producing micro-organisms in the Berg River, Western Cape. The highest MPN and FC counts of 3.5 x 10 7 micro-organisms/100 mℓ respectively were observed at the site situated close to the informal settlement of Mbekweni. These high counts were ascribed to the possible influx of human and household waste from the informal settlement into the river system. In the study conducted by Paulse et al. (2009) , bacterial species introduced into the river at Site B (Plankenburg River) included various members of the Enterobacteriaceae group such as Serratia sp., Citrobacter sp., Yersinia ruckeri and Enterobacter sp. thereby confirming faecal contamination at this site. The genus, Yersinia is considered one of the major human pathogens and may be the causative agent of plague in susceptible individuals, thereby raising health concerns in this area. Site B is also surrounded by dense vegetation which slows the water flow contributing to an increase in possible faecal contaminants (Fischer et al., 2003) . The increased E. coli counts at this site thus raise alarming concerns as the community inhabiting these riverbanks is exposed to possible pathogens on a daily basis. In addition, various waste materials such as glass, plastic containers, rubber (vehicle tyres), steel (shopping carts) and electrical wiring, apart from organic waste material from surrounding plants and trees contaminate the river at this site. These and other materials such as sediment found within a river system may provide increased attachment surfaces for the colonisation of bacteria (Armon et al., 1997; Fischer et al., 2003) .
The highest MPN counts recorded during the sampling period at Site C (Fig. 7 ) were 1.7 x 10 6 (week 35), 2.8 x 10 6 (week 39) and 2.3 x 10 6 micro-organisms/100 mℓ (week 48). The corresponding FC counts were 9.2 x 10 5 , 1.8 x 10 6 and 7.8 x 10 5 micro-organisms/100 mℓ during the same sampling weeks. Similarly, high E. coli counts were also recorded in the same weeks with the highest count of 1.4 x 10 6 micro-organisms/ 100 mℓ, recorded in week 39. High HPC results (6.7 x 10 6 micro-organisms/100 mℓ) were also observed during this week at Site C. During the present study, various materials sources observed at Sites A and B, were also observed at Site C. As mentioned, these materials provide ideal attachment surfaces to which micro-organisms adhere to and multiply in order to form biofilms (Armon et al., 1997) .
The total FCM counts recorded at Site C (Fig. 8 ) ranged from 1.2 x 10 7 (Week 32) to 1.2 x 10 8 micro-organisms/mℓ (Week 48). Site C is situated directly after the informal settlement of Kayamandi and close to a substation in an industrial area. The dense vegetation on the riverbanks at this site could possibly also contribute to slower water flow, thereby promoting microbial growth and increased numbers (Fischer et al., 2003) . Compared to HPC analysis, the viable cells obtained by FCM analysis, were significantly higher (p < 0.05) than counts obtained by the heterotrophic plate count technique (Fig. 7) . The highest viable FCM counts were observed in weeks 35 and 48 where counts of 6.8 x 10 7 and 8.3 x 10 7 micro-organisms/mℓ, respectively, were recorded. Corresponding HPC's recorded during Weeks 35 and 48 were 1.3 x 10 4 and 3.0 x 10 3 microorganisms/mℓ, respectively, once again indicating the reliability of the FCM technique. Monis et al. (2003) conducted a study on untreated and potable water samples in South Australia. Waterborne bacteria were enumerated by means of viable assays and flow cytometric analysis and the microbial numbers obtained, were compared to culture-based techniques. Counts obtained by the FCM technique yielded 5.56 x 10 2 and 3.94 x 10 4 active bacteria/mℓ compared to the culture based techniques, which were two to four log cycles less. The results thus suggested that flow cytometry be used to detect physiologically active bacteria from the various water sources. 
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In addition, downstream from this site the river services an agricultural area which greatly contributes to the international wine industry and thus the economy of the country. According to DWAF, river water used for irrigation, such as the Plankenburg River, should not exceed 1000 micro-organisms/100mℓ (E. coli) in the water source. Increased counts as high as those observed at Site C, therefore could not only cause serious disease in humans (DWAF, 1996c), but also have major effects on the economy of the country.
Comparison of microbial counts recorded in the water samples obtained from the sites along the Plankenburg River indicate that Site B was the most contaminated point. The results show that the lack of proper sanitary facilities and poor service delivery in the informal settlement located at Site B could have contributed to the contamination of the river. Results clearly show that contamination at Site B could have been influenced by human waste from public toilet systems situated on the river banks which are flushed into stormwater drainage pipes which leads directly into the river at this site. The high microbial counts could lead to major health concerns as results for the MPN, FC, E. coli, HPC and FCM counts at all the sites investigated along the Plankenburg River exceeded the stipulated maximum limit for a water source used for recreational and irrigational purposes (DWAF, 1996a-c) . Unless adequate waste removal and sanitary facilities are incorporated, maintained and monitored, continued contamination of the river will not only lead to increased and major health concerns within these communities but will also have a negative impact on the environment.
Diep River
Most probable number (MPN), heterotrophic plate count (HPC) and flow cytometric analysis (FCM)
In the Diep River, the results obtained for MPN, FC, E. coli and HPC at Site A are presented in Fig. 9 , while the total, viable and dead FCM counts are represented in Fig. 10 . The results recorded at Site B are represented in Fig. 11 and the total FCM, viable and dead FCM cells are illustrated in Fig. 12 . Counts obtained from Site C included total MPN, FC, E. coli and HPC represented in Fig. 13 and total, viable and dead FCM counts in Fig. 14. The total MPN counts for the Diep River samples (Fig. 9) recorded at Site A ranged from 6.8 x 10 3 microorganisms/100 mℓ (Week 9) to 3.5 x 10 5 micro-organisms/ 100 mℓ (Week 14). A high MPN count was also observed in Week 32 where counts of 1.7 x 10 5 micro-organisms/100 mℓ were recorded. The highest FC and E. coli counts recorded at this site were 1.1 x 10 4 micro-organisms/100 mℓ, respectively, both recorded in Week 5. The highest HPC counts of 1.7 x 10 6 micro-organisms/100 mℓ and 2.1 x 10 6 micro-organisms/100 mℓ were recorded in Weeks 1 and 23, respectively. The highest total FCM counts (Fig. 10) were recorded in Weeks 14, 23 and 32 where counts of 2.6 x 10 8 , 2.5 x 10 8 and 1.3 x 10 8 microorganisms/mℓ, respectively, were observed. Significantly higher (p < 0.05) counts were obtained for the viable FCM count in comparison to the HPC technique. The highest HPC of 2.1 x 10 4 micro-organisms/mℓ was recorded in Week 23 with a corresponding viable FCM count of 2.4 x 10 8 microorganisms/mℓ observed during the same sampling period. High viable FCM counts were also observed in Weeks 14 and 32 where counts of 2.5 x 10 8 and 1.2 x 10 8 micro-organisms/mℓ were recorded. This site along the Diep River borders residential and industrial areas and a natural wetland system is also situated at Site A (Friends of Rietvlei Group, 2006 . Site A is situated before the wetland system, while Site B is located after the wetland system. Industries in the area include a steel container storage depot as well as various machine and tool manufacturers.
The highest MPN count recorded in the river at Site B (Fig. 11 ) (Theo Marais Sportsclub) was 5.4 x 10 6 microorganisms/100 mℓ with corresponding FC and E. coli counts of 1.6 x 10 6 micro-organisms/100 mℓ, respectively, observed in Week 23. A higher HPC range was also observed at this site with the lowest count of 4 x 10 5 micro-organisms/ micro-organisms/100 mℓ (Week 14) and 9.4 x 10 6 microorganism/100 mℓ (Week 23). In comparison to the highest total FCM counts (Fig. 12) recorded at Site A (Weeks 14, 23 and 32), higher counts were also recorded during Weeks 23 and 32 (2.5 x 10 9 and 2.1 x 10 8 micro-organisms/mℓ, respectively). Comparison of the viable FCM to the HPC results, showed that significantly higher (p < 0.05) counts were obtained with the FCM technique as observed in Weeks 23, 32 and 36 where viable FCM counts of 2.3 x 10 9 , 1.1 x 10 8 and 3 x 10 7 microorganisms/mℓ, respectively, were recorded. Correspondingly, HPC results were 9 x 10 6 , 6 x 10 5 and 4 x 10 6 micro-organism/ mℓ, respectively, during the same sampling weeks. This corresponds to the results obtained in a previous study where significantly higher (p < 0.05) viable FCM counts compared to the HPC results were recorded in the Berg River (Paulse et al., 2007) . In the study by Paulse et al. (2007) the highest HPC count of 1.04 x 10 6 micro-organisms/mℓ was recorded in Week 37 (Site B2) with a corresponding viable FCM count of 1.72 x 10 7 micro-organisms/mℓ recorded for the same sampling time. At Site B2 high viable FCM counts were also recorded in Weeks 1 and 41, where counts of 1.4 x 10 7 and 1.9 x 10 7 microorganisms/mℓ, respectively were observed. The HPC results recorded during the same sampling period were 3 x 10 4 (Week 1) and 3 x 10 3 (Week 41) micro-organisms/mℓ. It was thus concluded that the FCM technique yielded a higher microbial count and is therefore a more reliable enumeration technique.
Compared to Site A the results recorded at Site B displayed evidence of significantly high gas-producing microbial growth and activity. This site is situated in an industrial area with industries ranging from spray painting, paint and chemical manufacturers to car wash facilities and pharmaceutical companies. A residential area is also situated in close proximity to Site B. In addition, the site is also in an open area with minimum foliage for shade and where increased temperature could thus lead to higher water temperatures and thus increased microbial activity. Microbial results fluctuated at Site B and no correlation could be drawn between the overall high counts experience in Week 23 and the water temperature and pH ( (Fig. 13 ) recorded at this site were 5.4 x 10 5 (Weeks 9 and 32), 3.5 x 10 5 (Week 9) and 1.6 x 10 5 microorganisms/100 mℓ (Week 9), respectively. Compared to Site B, increased FC and E. coli counts (for most of the sampling period), were observed at Site C which could indicate increased faecal contamination in this area. The Potsdam Water Treatment Works receives wastewater directly from the surrounding residential areas as well as an oil refinery. The highest HPCs recorded at Site C were 1.9 x 10 6 micro-organisms/100 mℓ in week 14. The highest total FCM counts were observed in Weeks 18, 23 and 36 where counts of 1.3 x 10 8 , 2.8 x10 8 and 1.3 x 10 8 micro-organisms/mℓ were recorded. Overall an initial increase in the HPC results from Site A to Site B was followed by a decrease in the total HPC recorded at Site C (with exception of Week 32). Even though Site C is an enclosed facility and the possibility of river water being used for domestic use is low, the microbial counts observed at this site may still raise major health concerns as the Diep River runs into the Rietvlei Nature Reserve, which is used for recreational purposes. As mentioned DWAF stipulates that where river water is used as a means of recreation, a faecal coliform and E. coli count of > 2000 micro-organisms/100 mℓ and > 130 micro-organisms/100 mℓ, respectively, may lead to serious disease infections (DWAF, 1996b) . The overall results obtained from the 3 sites along the Diep River were thus significantly (p < 0.05) higher than the stipulated guidelines for most of the sampling period.
Site B along the Diep River was also identified as the most contaminated site. Waste effluent from residential and industrial areas accumulates at this site and could serve as sources of contamination. Results have also shown that the high microbial counts for the MPN, FC, E. coli (SABS, 1984 
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DWAF, 1996a-c), HPC and FCM exceeded the stipulated limit for river water for most of the sampling period. It should also be noted that the results show that the FCM technique is a more reliable enumeration technique than the conventional plate count technique and it should be incorporated into the routine monitoring of environmental samples.
Conclusions
The major conclusions of the study thus include the following:
• On average, the MPN, FC and E. coli levels within the Plankenburg River notably exceeded the maximum limit of 2 000 micro-organisms/100 mℓ for river water throughout the study period (SABS, 1984; DWAF, 1996a-c) .
• Contamination of the river was also confirmed with the significantly high (p < 0.05) total FCM counts observed at all the sites along the Plankenburg River.
• The MPN, FC, E. coli, HPC and FCM results obtained from the different sites along the Plankenburg River indicate that Site B was the most contaminated site with higher counts than Sites A and C.
• Site B is situated close to the informal settlement where sanitation systems are inadequate to satisfy the needs of the inhabitants and where stormwater drainage systems and waste containers are used as a means of disposal of faecal matter. In addition, sanitation systems located in the settlement are connected to stormwater drainage pipes which enter the river system at this site.
• Even though significantly lower microbial counts were observed at Sites A and C, these sites are bordered by residential and industrial areas, respectively, which might have contributed to the increased microbial contaminants at these sites.
• Agricultural run-off from farms adjacent to the river (Plankenburg River) could also have contributed to increased contaminant levels within the river at Site A.
• The MPN, FC, E. coli, HPC and FCM counts within the Diep River also exceeded the maximum limit of 2 000 micro-organisms/100 mℓ for river water throughout the study period (SABS, 1984; DWAF, 1996a-c) .
• Overall, initial increases in the bacterial counts from Site A to Site B were followed by decreases in the bacterial counts recorded at Site C. Results thus show that Site B was the most contaminated site along the Diep River. Site B is located at the Theo Marais Sportsclub, which is surrounded by major industrial and residential areas. Waste effluent from these areas accumulates at this site contributing to possible contamination.
• Site A is also bordered by industrial and residential areas, while Site C receives wastewater from a residential area as well as an oil-refinery. Even though no point-or nonpoint sources of contamination could be identified, the waste effluent present at the residential and industrial sites could influence water pollution at the respective sampling sites.
• Comparisons of the HPC results to the viable FCM counts, which were significantly higher (p < 0.05) for the Plankenburg and Diep Rivers throughout the sampling period, proved that the FCM technique is a more reliable enumeration method to accurately determine the viable bacterial counts in environmental samples.
• Overall, the significantly high microbial counts obtained for both river systems raises major human and environmental health concerns. The effectiveness of current monitoring and clean-up strategies by respective authorities and district municipalities should be revised to include techniques which accurately reflect the contamination levels of the river systems.
